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During t h i s  r e p o r t i n g  p e r i o d  (August 1 ,  1986 t o  Janua ry  31, 1987) ,  
e f f o r t  was d i r e c t e d  t o  two tasks ,  namely; 

- modeling a i r p l a n e  c o n f i g u r a t i o n s ;  

- p r e d i c t i n g  n o n l i n e a r  s e c t i o n a l  c h a r a c t e r i s t i c s .  

Work accomplished d u r i n g  t h i s  pe r iod  is p r e s e n t e d  below. 

( 1 )  Modeling a i r p l a n e  c o n f i g u r a t i o n s  

The pr imary o b j e c t i v e  o f  t h i s  project is t o  de t e rmine  how a n  a i r p l a n e  
c o n f i g u r a t i o n  shou ld  be modeled t o  predict  both l o n g i t u d i n a l  and l a t e r a l  
aerodynamic c h a r a c t e r i s t i c s  a t  h i g h  a n g l e s  of a t tack.  For t h i s  purpose  t h e  
f o l l o w i n g  c o n f i g u r a t i o n s  have been i n v e s t i g a t e d :  A g e n e r i c  f i g h t e r  model, 
a n  F-16 and a n  F-18 c o n f i g u r a t i o n  with lead ing-edge  f l a p  d e f l e c t i o n  and a n  
F-106B c o n f i g u r a t i o n .  Furthermore,  t h e  F-16XL and X-29 c o n f i g u r a t i o n s  have 
a l s o  been  examined. C a l c u l a t e d  results for  t h e  l a t t e r  c o n f i g u r a t i o n s  will 
be p r e s e n t e d  i n  t h e  f i n a l  r e p o r t .  In  t h e  f o l l o w i n g ,  some c a l c u l a t e d  r e s u l t s  
w i l l  be p r e s e n t e d  and  d i scussed .  

( a )  Modeling a g e n e r i c  f i g h t e r  c o n f i g u r a t i o n .  

T h i s  i s  a n  a i r p l a n e  model t e s t e d  i n  t h e  1 2 - f t  t u n n e l  a t  NASA Langley 
Research Cen te r  (Ref. 1 ) .  As shown i n  F ig .  1 ,  t h e  c o n f i g u r a t i o n  i n c l u d e s  a 
c y l i n d r i c a l  body w i t h  l i f t i n g  and  c o n t r o l  s u r f a c e  made of f l a t  p l a t e .  The 
s e c t i o n a l  data from Ref. 2 were used i n  t h e  c a l c u l a t i o n  . The n o n l i n e a r  
s e c t i o n a l  data were used  as  n e a r - f i e l d  s o l u t i o n s  t o  be matched i t e r a t i v e l y  
wi th  far-f ie ld  s o l u t i o n s  o b t a i n e d  from a l i f t i n g - s u r f a c e  t h e o r y .  I n  t h e  
c a l c u l a t i o n  a n  o v e r  r e l a x a t i o n  f a c t o r  was used  fo r  t h e  wing. However, t h e  
h o r i z o n t a l  t a i l  r e q u i r e d  a n  u n d e r r e l a x a t i o n  fac tor  t o  a c h i e v e  convergence.  
T h i s  is p robab ly  main ly  due t o  a coplanar  w i n g - t a i l  i n t e r a c t i o n .  I n  t h i s  
case, n o t  o n l y  t h e  v o r t e x  s t r i p s  on t h e  wing and  t a i l  must be l i n e d  up t o  
a v o i d  u n r e a l i s t i c  downwash induced on t h e  t a i l ,  b u t  a l so  t h e  r e l a x a t i o n  
factor on  t h e  t a i l  must be reduced  t o  a v o i d  d ive rgence .  F i g s  3 and 4 show 
t h e  p r e d i c t e d  r e s u l t s .  It is s e e n  t h a t  a t  a n g l e s  of attack greater t h a n  22 
deg . ,  t h e  la teral  characterist ics are n o t  c o r r e c t l y  p r e d i c t e d .  Th i s  i s  
p robab ly  due t o  forebody v o r t i c e s  which are n o t  accounted  for  i n  t h e  code. 

( b )  An F-16 c o n f i g u r a t i o n .  

A s  shown i n  F ig .  5, t h i s  a i r p l a n e  has a s l e n d e r  lead ing-edge  e x t e n s i o n .  
Thus,  an  a d d i t i o n a l  d i scre te  strake v o r t e x  is needed t o  model t h e  augmented 
v o r t e x  l i f t  effect .  L i k e  other a i r p l a n e s  which have been modeled, there is 
no d i f f i c u l t y  i n  model ing l i f t i n g  surfaces. However, t h e  F-16 has a d i s -  
t i n c t  i n l e t  which makes t h e  body c r o s s  s e c t i o n s  change r a p i d l y .  I n  a d d i t i o n  
t h e  i n l e t  makes i t  more d i f f i c u l t  f o r  t h e  f u s e l a g e  aerodynamic characteris-  
t i c s  t o  cconverge if the real  body shape wi th  t h e  n a c e l l e  is used.  I n  t h e  
f o l l o w i n g ,  smooth body cross s e c t i o n s  are assumed. The p r e d i c t e d  o v e r - a l l  
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c h a r a c t e r i s t i c s ,  as  shown i n  F i g s  7 and 8, a g r e e  r e a s o n a b l y  well w i t h  t h e  
expe r imen ta l  data.  

( c )  An F-18 c o n f i g u r a t i o n  w i t h  d e f l e c t i o n  o f  l e a d i n g  edge f l a p s .  

C a l c u l a t i o n  re la ted t o  t h e  F-18 i n  c l e a n  wing c o n f i g u r a t i o n  has been 
r e p o r t e d  i n  t h e  l a s t  p r o g r e s s  r e p o r t .  I n  t h i s  r e p o r t i n g  p e r i o d ,  e f f o r t  was 
devoted  t o  modeling t h e  l e a d i n g  edge f l a p  d e f l e c t i o n .  The d e f l e c t e d  l e a d i n g  
edge f l a p s  t end  t o  make t h e  f low s e p a r a t e  a t  a h igher  a n g l e  of a t tack.  The 
2-D v i s c o u s  e f f e c t  is accounted  f o r  by u s i n g  n o n l i n e a r  s e c t i o n a l  data.  The 
s e c t i o n a l  c h a r a c t e r i s t i c s  used a r e  shown i n  F ig .  10. Again, agreement 
between t h e  c a l c u l a t e d  r e s u l t s  and the  expe r imen ta l  data  is r e a s o n a b l e  as 
can be s e e n  i n  F igs .  1 1  and 12. The expe r imen ta l  data  are t a k e n  from Ref. 

( d )  An F-106 B c o n f i g u r a t i o n .  

An a t t empt  was made several years  ago t o  p r e d i c t  l a t e r a l - d i r e c t i o n a l  
character is t ics  of F-106B c o n f i g u r a t i o n s  w i t h  and wi thou t  v o r t e x  f l a p s  and 
compare t h e s e  wi th  da t a  from t h e  Langley 12- f t .  t u n n e l .  A t  t h a t  time, it 
was found t h a t  t h e  p r e d i c t e d  a n g l e  of a t tack f o r  v o r t e x  breakdown t o  occur  
a t  t h e  trailing eCge was reasonable. H ~ w e v e r ~  the forward p r o g r e s s i o n  ra te  
of  b u r s t  p o i n t  was p r e d i c t e d  t o  be too  f a s t ,  so  a s  t o  cause  i n a c c u r a t e  
p r e d i c t i o n  of  l a te ra l  c h a r a c t e r i s t i c s  a t  h igh  a n g l e s  of  a t tack.  The 
p r o g r e s s i o n  r a t e  used i n  t h e  code was based on data  o f  t h i n  f l a t  d e l t a  
wings.  Recent ly ,  i t  was d i scove red  t h a t  n e g a t i v e  upper s u r f a c e  s l o p e s  i n  
t h e  spanwise  d i r e c t i o n  due t o  t h i c k n e s s  d i s t r i b u t i o n  t ended  t o  s low down the 
fo rward  movement of b u r s t  p o i n t  ( s e e  F i g .  1 3  and Ref. 4 ) .  After s e v e r a l  
e x p l o r a t o r y  numerical  exper imenta t ion ,  i t  was found t h a t  i f  t h e  spanwise  
upper  s u r f a c e  a n g l e  ( i . e . ,  t a n  
a n g l e  of a t t a c k  t o  an  e f f e c t i v e  va lue ,  t h e  l a t t e r  cou ld  be used  t o  de t e rmine  
t h e  d e l a y e d  breakdown p o i n t  l o c a t i o n .  
f i g u r a t i o n  w i t h  t he  basic case 29 c o n i c a l  camber was re-examined. The 
r e s u l t s  shown i n  F i g s  14-15 now e x h i b i t  good agreement w i t h  da ta .  
Apparen t ly ,  a d d i t i o n a l  b a s i c  data on the  effect  of  spanwise upper s u r f a c e  
s l o p e  on  v o r t e x  breakdown are needed. 

-1 (3zc /3y ) )  was assumed t o  r educe  t h e  l o c a l  

Based on  t h i s  idea,  t h e  F-106 con- 

( 2 )  P r e d i c t i n g  n o n l i n e a r  s e c t i o n a l  data 

The a i r f o i l  codes be ing  used a r e  t h e  E p p l e r ' s  code and t h e  SAAP code.  
Both codes can be used t o  de te rmine  t h e  a n g l e  of z e r o  l i f t  and aerodynamic 
character is t ics  up t o  s t a l l  a. For a t h i n  a i r f o i l ,  t h e  character is t ics  a t  
a n g l e s  beyond s t a l l  can n o t  be p r e d i c t e d  a c c u r a t e l y  by these a i r f o i l  codes. 
For t h e  p r e s e n t  purpose ,  t h e y  are  assumed t o  f o l l o w  t h e  same shapes  as a 
f l a t  p l a t e .  The l a t t e r  exper imenta l  character is t ics  can be found i n  Ref. 2. 
A s  a n  example,  t h e  cR  vs  CI curve  f o r  a n  NACA 64A204 a i r f o i l  is i l l u s t r a t e d  
i n  F ig .  6. For a t h i c k  wing, t h e  E p p l e r s  code can  be a p p l i e d  t o  o b t a i n  t h e  
2-D character is t ics .  However, compared w i t h  t h e  expe r imen ta l  d a t a ,  t h e  code 
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tends t o  overpredict the maximum l i f t  coeff ic ient .  More research is  needed 
t o  improve the theoret ical  method f o r  s t a l l  and post-s ta l l  prediction of 
a i r f o i l  character is t ics .  
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0 Circular, h/b = 1 . _ .  

Figure 1. A Generic Fighter Model 
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Figure 2 .  L i f t  Curve for a Flat Plate  Airfoil 
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Figure 3 Longitudinol Aerodynamic Chorocten'rtica 
for she Configumtibn Q€ Figure 1. 
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Figure 3 .  Continued 
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0- EXPERIMENTAL DATA 
VORSTAB CALCUIATION 

FIGURE 4. UT-DIR DERIVATIVES CALCULATION BASED 
ON BODY AXIS AT (j - 4 DEG. 
For the Configuration of Figure 1. 
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Figure 6 .  L i f t  Curve for  a 64A204 A i r f o i l  
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Figure 8. Lateral Derivatives Calculation Based 
on The Body Axis at (3 = 4 deg. 

For an F-16 Configuration. 
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Figure 9 An F/A-18 Configuration with Leading-Edge Flaps 
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Figure 10. Sectional Data for an F-18 Configuration 

with Leading Edge Flap Deflection Angle 

= 25 deg. 
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Figure 11 Longitudinal Aerodynamic Characteristics 
for an F--18 Configuration with dge = 25' 
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Figure 11. Continued 
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, Figure 12. Lateral Derivatives Calculation Based 
. b  

on the Body Axis at (3 = 5 deg. 
For An F-18 Configuration. 
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Figure 13. Influence of Thickness Distribution 

on Vortex Breakdown Position 

For a Delta Wing of 70-deg Sweep. 
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Figure 14 Longitudinal Aerodynamic Characteristics 
for a F-106 Configuration 
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Figure 14. Continued 
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Figure 15.  Lateral Derivatives Calculation Based 
on The Body Axis at @ = 5 deg. - 

For a Basic F-106 Configuration. 
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